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CHIRAL LIQUID CRYSTAL COMPOUHD8 
5 HAVIKG A PERFLUOROBTHER gERMIMM. PORTIOM 



10 Fiald Of the Invention 

This invention relates to fluorinated chiral 
smectic liquid crystal compounds > to a process for the 
preparation of such compounds, and to liquid crystal 
compound mixtures and electrooptical display de^vices 
15 containing such compounds. 

Baclcaround of the Invention 

Devices employing liquid crystals have found 
use in a variety Qf electrooptical applications, in 
20 particular those which require compact, 

energyr-eff icient, voltage-controlled light valves, 
e.g., watch and calculator displays, as well as the 
flat-panel displays found in portable computers and 
compact televisions. Liquid crystal displays have a 
25 number of tinique cheuracteristics, including low voltage 
and low power of operation, which make them the most 
promising of the non-emissive electrooptical display 
candidates currently available. However, slow response 
and insufficient nonlinearity can impose limitations 
30 for many potential applications. The recpiir^ent for- 
speed may become especially important in propoxrtion to 
the number of elements Which have to be addressed in a 
device. This limits the potential use of some types of 
liquid crystals. 
35 The modes of liquid crystal displays; that . 

are most extensivetly employed at the present are 
twisted nematic (TN) , supertwisted birefringence effect 
(SBE) , and dynamic scattering (DS), all empl ying 
nematic r chiral nematic (cholesteric) liquid 
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crystals. These devices are based upon i:he dielectric 
alignment effects (Freed ricksz effect) of the nematic 
and/or chiral nematic liquid crystal (or mixtures of 
nematic or chiral nematic liquid czrystals) upon 
5 application of an electric field. The average 

molecular long axis of the licpiid cnrystal material 
takes up a preferred orientation in the applied 
electric field, the orientation of which is dependent 
on the sign of the dielectric anisotropy of the 

10 material or mixture, and this orientation relaxes upon 
removal of the applied electric field. This 
reorientation and relaxation is slow, oh the order of a 
few milliseconds. 

Although nematic and chiral nematic liquid 

15 crystals are the most extensively employed, there sure 
liquid crystal devices that employ more highly ordered 
smectic liquid crystals. For example, materials with a 
smectic A mesophase are useful in device applications, 
as described by Crosslemd et al. in U.S. Pat. Nos. 

20 4,411,494, 4,419,664, and 4,528,562, and by F. J. Kahn 
in Appl. Phys. Lett. 22.^ HI (1973). These devices are 
based on the dielectric reorientation of the liquid 
crystals, and response times are on the order of 
milliseconds. 

25 Mixtures whicdi exhibit a chiral smectic A 

mesophase sure also useful in device applications, as 
described by Lagerwall et al. , 1st International 
Symposium On Ferroelectric Liquid Crystals, 
Bordeaux-Arcadhon, France, 1987. These mixtures 

30 exhibit an electrooptic effect which is termed sl 

soft-mode ferroelectric effect, and sub-microsecond 
switching can be achieved. 

Haterialsi with a smectic C mesophase are 
useful in device applications, as described by Pelzl et 

35 al. in Kristall Technik. I4f 817 (1979), Mol. Cryst. 

Liq. Cryst. 53, 167 (1979), and Liquid Crystals 2, 21, 
131 (1987) • These devices axB based on the dielectric 
reorientation of the liquid crystals, and the r spons 
times are slow. 
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A recent advance in the liquid crystal art 
has been th utilization of tilted chiral smectic 
licpiid crystals, which are also term d fe:rroelectric 
liquid crystals, in devices which give microsecond 
5 switching and bistable operation not possible in any of 
the device applications described above. Ferroelectric 
licpiid crystals were discovered by R. B. Meyer et al. 
(J. Physique 36, 1-69 (1975)). A high speed optical 
switching phenomenon was discovered for the 
10 : ferroelectric liquid crystals by N. A. Clark et al. 
(Appl. Phys. Lett. 16, 899 (1980) and U.S. Pat. No. 
4,367,924). 

Fluorine-containing ferroelectric liquid 
crystal materials have recently been developed. U.S. 
i5 Pat. No. 4,886,619 (Janulis) discloses fluorine- 
: containing, chiral smectic liquid crystal compounds 
which comprise a fluorocarbon terminal portion and a 
chiral hydrocarbon terminal portion, the terminal 
portions being connected by a central core. U.S. Pat. 
20 No. 5,082,587 (Jeuiulis) discloses achiral, 

fluorine-containing liquid crystal compounds which 
comprise a fluorocarbon terminal portion and a 
hydrocarbon or another fluorocarbon terminal portion, 
„ thie terminal portions being connected by a central 
25 core. U.S. Pat. No. 5,262,082 (Janulis etal.) 

describes achiral, fluorine-containing liquid crystal 
compounds comprising an aliphatic f luorocsurbon termiiual 
pbirtion having ait least one catenary ether oxygen and 
an aliphatic hydrbccurbbn terminal portion, the terminal 
30 portions being connected by a central core. 

International Publication Nos. WO 88/03530 
(Merck) and WO 91/00897 (Herck) disclose chiral or 
achiral ring compounds which may be used as components 
of chiral, tilted, smectic liquid-crystalline phases 
35 with ferroelectric properties. 

U.S. Pat. No. 5,051,527 (Suzuki et al.) 
diescribes novel ferroelectric liquid crystal compbunds 
having an ptically active flu r alkyl radical. 
The high speed switching of the 

■ ^3* * - 



wo 95/17481 



PCrAJS94/13250 



f rroelectric liquid crystals can be utilized in many 
applications, e.g., light valves, displays, print r 
heads, and the like. In addition to the microsecond 
switching speeds, some ferroelectric liquid crystal 
5 device geometries exhibit bistable, threshold-sensitive 
switching, making them candidates for xaatrix-addressed 
devices containing a large number of elements for 
passive displays of graphic and pictorial information, 
as well as optical processing applications. 

10 

ftnntiwa-rY Of the Invention 

Briefly, in one aspect, this invention 
provides fluorine-containing, chiral liquid crystal 
cpmpoiinds having smectic mesophases or latent smectic 

15 mesophases. (Compounds having latent smectic 

mesophases are those which by themselves do not exhibit 
a smectic mesophase, but which, when in admixture with 
compounds having smectic mesophaises or with other 
compounds having latent smectic mesophases, develop 

20 smectic mesophases under appropriate conditions.) The 
chiral liquid crystal compovmds of the invention 
comprise (a) an aliphatic f luoroc8urix)n terminal portion 
containing at least two catenary, i.e., in-chain, ether 
oxygen atoms; (b) a chiral, aliphatic hydroceurbon 

25 terminal portion; and (c) a central core coimecting the 
terminal portions. The aliphatic fluorocarbon terminal 
portion can be represented by the formula 
-D(C,F2xO),CyF2y+i, where x is independently an integer of 
1 to about 10 for each Cj^iP group, y is an integer of 1 

30 to about io, z is an integer of 2 to about 10, and D is 
selected from the group consisting of a covalent bond. 



-4- 
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o o o "^^^ 

10 II I I 

and combinations thereof, where r and r' are 

15 independently integers of 1 to about 20, s is 

independently an integer of 1 to about 10 for each 
(Cfi2,^) , t is an integer of 1 to about 6, and p is an 
integer of 0 to about 4, The (CJP^xO) ^CyF^+i group of the 
fluorocarboh tienainal portion can contain small amounts 

20 of residual ceurbon-bonded hydrogen atoms but is 

preferably completely fluorinated. Preferably, the 
fluorocarboh terminal portion is a linear group 
represented by the formula ~D(C„F2,0),CyF2y+i, where x is 
independently an integer of 1 to about 6 for each C^FsxP 

25 group, y is an integer of 1 to about 6, and z is an 
integer of 2 to about 6, 

In general, the compounds of this invention 
have a qentral core cos^rised of at least one or two 
rings independently selected from the group consisting 

3p of aromatic, heteroeuromatic, alicyclic, substituted 

aromatic, substituted heteroaromatic, and substituted 
alicyclic rings, the rings being connected one with 
another by a covaleht bond or by chemical groups 
seletcted from the group consisting of -C0O-, --COS-, 

35 -HO=N-, -CH=CH-, -C^C-, and -COSe-, The rings can be 
fused or non-fused* The heteroatoms within the 
heteroaromatic rings comprise at least one atom 
selected from the group consisting 6f nitrogen, oxygen, 
and sulfur. Non-adjacent methylene groups in the / 

,40 alicyclic rings can be sxibstituted by oxygen or sulfur 
. .-atoms. 

: The chiral liquid crystal compounds of the 
present invention ar ptically active ( xc pt when in 
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the form of a raceiaic mixture) and are useful alone or 
in admixture with other chiral or achiral liquid 
crystal compoiinds for lectrooptical display 
applications. The compounds of th invention hav a 
5 number of desireible properties when used in admixtxire 
with other liquid crystal compounds, pref^ably 
compounds having f luorinated terminal portions such as 
those compounds discloised, for example, in U.S. Pat. 
Nos. 4,886,619 ( Janulis) , 5,082,587 (Janulis) , and 

10 5,262,082 (Janulis et al.). For exzunple, the compounds 
of the invention when admixed with such preferred 
liquid crystal compounds show good compatibility, show 
only a minimal effect on the smectic C temperature 
range of the resulting mixtures, cuid provide 

15 ferroelectric mixtures which are switchable and 
bistable. 

Host importantly, the chiral, fluorine- 
containing compounds of the invention when used in 
admixture with the achiral, fluorine-containing liquid 

20 crystal compounds of U.S. Pat. No. 5,262,082 (Janulis 

et al.) provide mixtures which exhibit higher memory to 
tilt zingle ratios th£m mixtures of the same achiral 
compotmds with chiral, hydroc£urbon liquid crystal 
compoiinds. This is important because a high memory to 

25 tilt angle ratio is essential for a high contrast 

ferroelectric liquid crystal device (i.e., the memory 
to tilt cingle ratio should ideally be equal to one in 
order for a liquid crystal display device to have an 
optimum contrast ratio) . (See, e.g. , the discussion by 

30 A. Mochizilki et al. , SPIE 1665 , 108-09 (1992), as well 
as European Pat. Publication No. 0 548 548 Al (Canon 
Kabushiki Kaisha) • ) 

The fluorine-containing liquid crystal 
compounds of the invention also have good chemical 

35 stability toward water, weedc acids, and weak bases; do 
not undergo degradation during normal use in a liquid 
crystal display device; and btb photochemically stGd>le, 
i.e., do not easily undergo photochemical reactions. 
Many of th se compounds, du to the aliphatic 



6 



,W0 95/17481 



PCr/US94/13250 



5 



10 



15 



20 



25 



30 



- 35 



40 



fluorocarbon terminal portion, have enhanced 
smectpgenic properties and lower birefringences than 
their non-fluorine-containing analogues. Th 
compounds, and mixtures which contain them, are useful 
in a variety of electrooptical displays. In 
particuleu:, many of these fluorinated materials exhibit 
smectic mesophases and are useful in the formulation of 
nematic; chiral nematic, i.e., cholesteric; smectic A 
(SmA); smectic C (SmC); chiral smectic A (SmA*) ; and 
chiral smectic C (SmC*) mixtures. 

In other aspects, this invention also 
provides a mixture of liquid crystal compounds 
comprising at least one liquid crystal compoimd of the 
invention^ a liquid crystal display device containing 
at least one liquid crystal compound of the invention, 
and a process for preparing the liquid crystal 
compounds of the invention. 

Detailed Description of the Invention 

The liquid crystal compovmds of the present 
invention can be represented by the general formula I : 

RfM)-^fN)-^fP>-D-R, (I) 

where M, N, and P are each independently selected from 
the group consisting of 
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10 



15 



20 




25 a, b, and c btb each independently zero or an integer 
of from 1 to 3, with the proviso that the sum of a + b 
+ c be at least 1; 



30 



each A and B are non-directionally and independently 
selected from the group consisting of a covalent bond. 
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10 



25 



O O O 

II II B 

-C-0-, -C-S-, -C-Se-, 

6 
II 

-C-Te-, "(CH2CH2)k- where k is 1 to 4, 

O 

-CH==CH-, -CSC-, -CH=N-, -CHjK)-, and -O- ; 



each X/ Y, cuid Z are independently selected from the 
group consisting of -H, -CI, -F^ -Br, -I, -OH, -OCH3/ 
15 -CH3, -CF3, -OCF3 -CN, and -NO2; 

each 1, m, and n are independently zero or an integer 
■ of 1 to .4; 

20 D is selected from the group consisting of a covalent 
bond, 

o o d 

B : II II 

-c-o-c^-, -o-cyHj,-, -o-c-cyj2r--# ^-c^c-, -ch=ch-, -c-. 



-6SO2-, -SO2-, -SOj-C^-, -C^-N-SOi-, -N(CpH2p+0-, 
O 

-cyijr'^N-c-, -CH-N-, and combinations thereof, where r 

35 . • . . ■ CpB^p^i 

and r^ are independently integers of 1 to about 20, s 
is independently an integer of 1 to about 10 for each 
(C^2iO) , t is an integer of l to about 6, and p is em 
integer of 0 to about 4; 

40 . ; , ' : 

R is selected from the group consisting of 
>0- ( (C,.H2,.^.- (R' ) ,0 -O) 

■ . • o .■ ■ • • • o 

45 II II 

-C-0-C^2,+i^-(R')v/ -0-C-c^+,.^-(R')^, and 
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each R' is independently selected from the group 
10 consisting of -CI, -F, -CF3, -NO^, -CN, -H, -Q^+i, 
O O 

n II . . 

-O-C-CqHjq+i/ and -C-0-C^2q+w Where is 
independently an Integer of 1 to about 20 for each 

15 (Cq.H2,.-0), g is an integer of 1 to about 20, w is an 

integer of 0 to £Q>out 10, v is an integer of 0 to about 
6, each V' is independently an integer of 0 to about 6, 
g is an integer of 1 to about 3, g^ is an integer of i 
to about 3 , each D is independently selected from the 

20 group set forth above, and R can be linear or branched, 
with the proviso that R is chiral; and 

Rf is -( 9x^2x0 ),CyF2y+i, where x is independently an integer 
of 1 to about 10 for each (C,F2x0) , y is an integer of 1 

25 to about 10, and z is an integer of 2 to about 10. 

Preferably, Rf is lineeur, x is independently an integer 
of 1 to about 6 for each (C^Fj^O) , y is an integer of 1 
to about 6, and z is an integer of 2 to about 6. 

Preferred classes of the chiral compoxihds of 

30 the invention can be represented by the following 
formulas: 



-10- 
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Where x is independently an integer of 1 to about 6 for 
each Cj?2xO; y is an integer of 1 to about 6; z is an 
5 integer of 2 to about 4; j is an integer of 0 or 1; and 
R" is ^ e l^ted from the group consisting of (R')v^C^+j^ 

and , where each g is independently an 

integer of 2 to €J30ut 10; each is independently 

10 selected from the group consisting of hydrogen, 

fluorine, chlorine, methyl, and perf luoromethy 1 ; v is 
an integer of 1 to about 4; and and q^jq+i be 

linear or branched. 

Mcmy of the compounds of th pr sent 

15 invention hav suppressed hematic mescphases (iwe.. 
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exhibit no or very small nematic nesophase temperature 
ranges) and enhanced sm ctic mesophases. Mixtures of 
the compounds of the invention with other liquid 
crystal materials can be formulated to provide desired 
5 transition temperatxires and broad mesophase temperature 
ranges. Such mixtures preferably contain compounds 
having fluorinated terminal portions, such as those 
compounds described, for example, in U.S. Pat. Nos. 
4,886,619 (Janulis) , 5,082,587 (Janulis) , and, most 

10 preferably, 5,262,082 (Janulis et al.). 

The compounds of this invention in admixttire 
with other chiral or achiral liquid crystal compounds 
exhibit chiral smectic (ferroelectric) liquid crystal 
behavior. Furthermore, the compounds of the invention 

15 when mixed with achiral, f luoroether-containing liquid 
crystal compounds (e.g., those described in U.S. Pat. 
No. 5,262,082 (Janulis et al.)) exhibit a reduced 
temperature dependence of the smectic inter layer 
spacing. This property provides for the spontameous 

20 generation of a bookshelf layer structure, which is 
ideal for a ferroelectric liquid cirystal device. 

Another advantage of using the materials of 
this invention in the formulation of liquid crystal 
mixttires is the low birefringence which can be 

25 obtained. The low birefringence of the liquid crystal 
compotinds of the invention (relative to their non- 
fluorine-containing analogues) allows the fabrication 
of devices with Ictrger device spacings. Light 
transmission through, e.g., a surface-stabilized 

30 ferroelectric device (as described in U.S. Patent No. 
4,367,924) with two polarizers is represented by the 
following equation: 



35 



I = lo (sin2(4e)) (sin2(irAnd/X)) 

where = trsmsmission through parallel polarizers 
9 = material tilt emgle 
An = liquid crystal birefringence 
d = device spacing 
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X = wavel ngth of light used 

To maximize the transmission, both sin^(4e) ctnd 
sin^(7rAnd/X) must be at maximum* This occurs when each 
5 term equals one. The first term is a maximiam when this 
tilt angle equals 22. 5**. This is a function of the 
liquid crystal and is constant for a given material at 
a given temperature. The second term is mzucimum when 
And =X/2. This demonstrates the criticality of the low 

10 birefringence of the materials of this invention. Low 
birefringence allows a larger device thickness, d, for 
a given wavelength of light. Thus, a larger device 
spacing is possible while still maximizing 
transmission, allowing easier device construction. 

15 The fluorine-containing liquid crystal 

compounds of the invention can be prepared by a process 
comprising the steps of (1) mixing at le^ast one 
compound represented by the formula 

20 RfMJ-^fNVbB' 

with at least one compound represented by the formula 



or (2) mixing at least one compound represented by the 

./formula 

-35' /. ■ ' \ 



with at least n compound r presented by the formula 
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I 1 



where M, N, and P are each independently selected from 
the group consisting of 



10 



15 



20 



25 




30 



a, b, and c are each independently zero or an integer 
of from 1 to 3, with the proviso that the sum of a + b 
+ c be at least 1; 



35 each A and B are non-directionally and independently 
selected from the group consisting of a covalent bond. 
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O O O 

II 11 II 

0 -^C-K>-, "-C-S-, -C-Se-^ 

B 

= 5 -C-Te-, -(CH2CH2)k- where k xs 1 to A, 

O 

y . . ' ■" 11 : ■ ' ^ ■ • ■■• 

-CH=CH-, -C^C-^ -CH=N-, and -0- ; 

10 each A'^ A'', B', and B" are independently selected 

from the group consisting of -OH, -COOH, -CH(CH20H)2» / 
-SH, -SeH, -TeH, -NHj, -COCl, -CHO, -OSOjRf', j-OSOjCHa, 
-OS02-cyclo(C6lJ4)^CH3, and -CH2COOH, %Aiere Rf' is a 
per fluor balky 1 group having from 1 to about Id carbon 

15 atoms, and with the proviso that A' can enter into a 

coupling reaction with A" and that B' can enter into a 
coupling reaction with B"; 

each X, Y, and Z are independently selected from the 
20 group consisting of -H/ 7CI, -F, -Br, -I, -OH, H3CH3, 
-CH3; -CFj, -OCF3 -CN, and -NO2; 

each 1, m, and n are independently zero or an integer 
■ of i to 4; 

25. ■ ; ■ 

D is selected from the group consisting of a covalent 
bond, 

■ ■ O ■ ■ .0 ■ O ■ ■ 

II y . y 

30 -C-O-Cyijr*, -0-C^2r-# -0-C-C^2r-# -C^C" , -CH=CH- , -c^, ; 

-OfC^2.0hC,'H2^-r -C^2r-r f C^0hCVH2,.- , -<)-, -S-, 

-OSO2-, -SO2-, -soj-cyiir". -cyi2r--N-so2-, -N(€yi2p+i)-, 

35 I • 

. . ^»H2p+i 

: • . O • — 



40 



-C^2r"N~C-, -CH=N-, and combinations thereof , where r 



and r' cire independently integers of l to about 20, s 
is independently an integer of 1 to about 10 for each 
(CflTs^) , t is an integer of 1 to about 6, and p is an 
45 • integeir of 0 to cd30ut 4; 
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10 



R is selected from the group consisting of 
-O- ( (C,.H2,.^.- (R' ) V.) -O) ,-C^2,+,^- (R' ) V, 
- ( (C,.H2,.^- (R' ) v) -0) w-C,^+,^- (R' ) vr 
O O 

II B 

-c-0-C<^2,+K-(R'),f -0-C-Q^2,^.,^-(R')„ and 

— CR^ >CR'-CqIf2<j4.1-r-(]»)v . 



15 

where each is independently selected from the group 
consisting of -Cl^ -F, ~N02, -CN, -H^ -C^+j, 

20 O O 

II II 
-0-c-c,H2q+i , and -C-O-C^+i^ where q' is 

independently an integer of 1 to about 20 for each 

(C,.H2,.-0) , g is an integer of 1 to about 20, w is an 

25 integer of 0 to about 10, v is an integer of 0 to about 
6, each v' is independently an integer of 0 to about 6, 
g is an integer of 1 to cd30ut 3, g' is an integer of 1 
to about 3 , each D is independently selected from the 
group set forth above, and R can be linear or branched, 

30 with the proviso that R is chiral; and 

Rf is -(CjF2xO),C^^+,, where x is independently an integer 
of 1 to about 10 for each CjFjxO, y is an integer of 1 to 
about 10, and z is an integer of 2 to sd^out 10 
35 (preferGQ)ly, Rf is linear, x is independently an integer 
of 1 to about 6 for each (C^F2fi) 0 y is an integer of 1 
to about 6, and z is an integer of 2 to about 6) ; 

and allowing said A' and A" or and B^' to react, 
40 optionally in the pres nee of suitaU^le c iipling 
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agent(s), i.e., reagent (s) which effect coupling. 

Objects and advantages of this invention are 
further illustrated by th following examples, but the 
particular materials cmd amounts thereof recited in 
5 these examples, as well as other conditions and 

details, should not be construed to unduly limit this 
invention. 

In the following examples, all temperatures 
are in degrees Centigrade and all parts and percentages 

10 are by weight xmless indicated otherwise* Commercially 
available materials were chemically transformed by 
reaction pathways well-known to those skilled in the 
art and detailed in the examples. Chemical 
transformations were comprised of acylation, 

15 ester if icat ion, etherif ication, alky lat ion, and 

combinations thereof using fluorine-containing and 
non-fluorine-coiitaining reactants to provide the 
precursor compoxxnds, which, in turn, were caused to 
react togetiier to yield the chiral, fluorine-containing 

20 liquid crystal coB^unds of this invention. 

Compounds prepcured in the various exampleis 
of this invention were characterized by their melting 
or boiling point, and structures were confizrmed by 
using at least one of the following methods of 

25 smalysis: chromatography; *^C-, *H-, and '^-NMR; and 
infrared and mass spectroscopies. 

The 5-alkyl-2-(4-hydroxyphenyl)pyrimidines 
used in the examples were prepared using the method 
described by Zaschke, H. and Stolle, R. in "Synthese 

30 niedrigschmelzender Kristallin-Fiassiger Hetercyclen; 
5-h-Alkyl-2-[4-h-alkanoyloxy-phenyl]pyrimidine»», Z. 
Chem. 15, 441-43 (±975). 



35 



Sxamples 1-17 describe procedures for preparing liquid 
crystal con^unds of this invention. The chemical 



W095A7481 



PCTAJS94/13250 



structur of each coaq^und is given in Tabl !• 
Egample 1 

Preparation of 5- ( (8) -2-Chloro-4-methyl->pentano7loxy) «- 
5 2-(4-(l,l-dih7droperfluoro-2- 

(butoxyethozy)etboxy) phenyl) P3rriaidine (Compoxmd X, 
Table 1) 

A 25 weight percent solution of sodium 
nethoxide in methanol (82.5 ml/ 0.36 moles) was added 

10 to a solution of 2-benzyloxytrimethinium perchiorate 

(30 g, 0.09 moles) (prepeured according to the procedure 
of A. Holy and Z. Arnold, Collection Czechoslov. Chem. 
Commun. 38, 1372 (1973)), peura-hydroxybenzamidine 
hydrochloride (15,6 g, 0.09 moles), and 500 ml of 

15 ethanol. The resulting mixture was heated to reflux 

overnight and then cooled to room temperature. Glacial 
acetic acid (75 ml) and 300 ml of water was added to 
the cooled mixture, resulting in the precipitation of 
product* The product was collected by filtration, 

20 washed with water, and air dried to give 23.06 g of 5- 
benzyloxy-2- ( 4-hydroxyphenyl) pyrimidine . 

Sodium hydride (1.7 g) was carefully jeidded 
to a solution of 5-benzyloxy-2-(4- 

hydroxyphenyl)pyrimidine (18 g, 0.0647 moles) in 150 ml 
25 of N,N-dimethylf ormamide (DMF) • The resulting solution 
was stirred for 15 minutes. 1, 1-Dihydroperf iuoro-2- 
(butoxyethoxy)ethoxy trifluoromethanesulfohate (36.5 g, 
0.0647 moles) (prepared essentially as in Example 4 
below) was then added, and the resulting mixture was 
30 heated to 95''C for 1 hour. Upon cooling to room 

temperature, an equal volvuiie of water was added to the 
cooled mixture. A solid precipitated and was collectefd 
by filtration. The solid was then slurried in boiling 
methsmol, cooled to room temperature, and again 
35 collected by filtration. The collected solid was* 

hydrogenated on a Parr™ Hydrogenator with catalytic 10% 
palladium on carbon in tetrahydrofiuran xinder 60 psi 
(3100 torr) hydrogen pressure for approximat ly 18 
hours. When the hydrogenation was complete, the 
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catalyst was removed by filtration, and the solvent was 
removed on a rotary evaporator to yi Id 25.62 g of 5- 
hydroxy-2" (4- (1, 1-dihydroperf luoro-2- 
(butoxyethpxy) ethoxy) phenyl) pyrimidine. 
5 Oxalyl chloride (1 ml, 2M in CHjCli) was 

added to a solution of 2-(S)-chloro-4-methylpentanoic 
* : acid (0.27g, 1.83 mmoles) in 5 ml of methylene 

chloride. One drop of DNF was added to the resulting 
solution, and bubbling was observed. The reisulting 

10 mikture was stirred at room temperature for 1 hour, and . 
the volatile material was then removed under vacuum on 
a rotary evaporator. The flask containing the 
remaining mixture was repressurized with dry nitrogen, 
euid the resulting acid chloride was dissolved in 5 ml 

15 of methylene chloride. This solution was then added 
directly to a solution of 5-hydroxy-2-(4-(l,l- 
dihydroperf luoro-2- (ethoxy) ethoxy) phenyl) pyrimidine 
(Ig, 1.66 mmoles) and pyridine (0.2 ml, 2.49 nmples) in 
5 ml of methylene chloride. Thie resulting mixture was 

20 ::stirxed at room temperature overnight. Silica gel (5 

g) was then added to the laixture, and the solvent was ; 
removed on a rotary evaporator. A product adsorbed 
onto the silica gel was then transferred to the top of 
a 50 g bed of silica gel. The product was eluted using 

25 a mixture of 20 parts by volume of hexane and 1 part by 
volume of ethyl acetate. The resulting white solid was 
recrystallized from methanol to yield 0.4 g of Compound ; 
'* ' ■ • 1, Table 1. / 

* * / .30 Exaugple 2 ' " • . 

Preparation of 5-(2-*(8)*Chloropropano7loKy)-*2--(4-(l,l- 
dihydroper f luoro-:2 - 

(hexyloxyethozy) ethoxy) phenyl) pyrimidine (Compound 2, 
. . Table 1) ■■ • 
35 This compound was prepeored from 2-(S)- 

; , chloropropionic acid and 5^hydroxy-2-(4-(i,l- 

dihydroperf luoro-2- 

(hexyloxyethoxy) ethoxy) ph nyl)pyriiaidin (prepaured 
essentially as in Exeunple 1 (which references Example 
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4) except substituting metJiyl perfluoro-2- 
(hexyloxyethoxy)acetate for methyl perfluoro-2- 
(butoxyethoxy) acetate in th prepeuration of the 
precursor alcohol according to Example 3 of U.S. Pat. 
5 No. 5,262,082 (Januliset al;)) essentially as 
described in Example 1. 

Preparation of 5-(2-(8)-*Chloropropano7lox7)-2-'(4-(l,l- 
dihydroperf luoro-4- (4- 

butozybutox7)butoxy) phenyl) pyrimidine (Coiqpoimd 3# 
Table 1) 

This compound was prepared from 2-(S)- 
chloropropionic acid and 5-hydroxy-2--(4-(l,l" 
dihydroperf luoro-4- (4- 
butbxybutoxy)butoxy)phenyl)pyrimidine (prepsured 
essentially as in Exeuaple 1 (which references Example 
4) except substituting methyl perfluoro-2- 
{butoxybutoxy)butyrate for methyl perfluoro-2- 
( but oxyethoxy) acetate in the prepeuration of the 
precursor alcohol according to Example 3 U.S. Pat. 
No. 5,262,082 (Janulis et al.)) essentially as 
described in Example 1. 

gyamplA 4 

Preparation Of 6--(l,l*Dih7droperfluoro-*2- 
(butozyetboxy) ethoxy) -*2- (2*^ (8) <- 

ohloropropanoyloxylnapttaalene (Compound 4, Table 1) 

650 g of 1,1- 
dihydroperf iuorobutoxyethoxyethsmol (prepared 
essentially as in Example 3 of U.S. Pat. No. 5,262,082 
(Jcinulis et al.)) and 204 g of triethyl amine were 
mixed together in a flask fitted with a dry ice (-VS^C) 
finger condenser, a thermometer, a dip tube for gas 
addition, and an overhead stirrer. The system was 
purged with dry nitrogen and was kept under slightly 
positive nitrogen pressiire. With good stirring, the 
flask was cooled to -14^C. The nitrogen was then shut 
ff, and 345 g f 91 weight p rc nt 
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trifluoromethanesulfonyl fluoride gas was added to the 
flask. The r suiting reaction was allowed to run for 
two hours, and then 360 ml of water was added to the 
flask. The resulting cmide product was washed with 360 
5 ml of 3.5 weight percent HCl and 360 ml of water to 
give 872 g of washed, crude product. The washed 
product was distilled at a head temperature of 61-78*C 
(3.5 mm Hg, 3.5 torr) to give 772 g of 1/1- 
dihydroperf luoro"-2- (butoxyethoxy) ethoxy 

io trif luoromethanesulfonate (92% yield) • 

6-Benzylpxy-2-napthpl (2.5 g, 0*010 moles) 
was islowly added to 0.7 g of 60 weight percent sodium 
hydride in mineral oil suspended in 25 ml of dry 
dimethoxyethane. After stirring the resulting solution 

15 for 20 minutes at room tes^rature, the solution was 
cooled in an ice bath. 1,1-dihydroperf luoro-2- 
(butoxyethoxy) ethoxy trif luoromethanesulfonate (6.2 g, 
0.011 moles) was then added slowly to the cooled 
solution. When the addition was complete, the ice bath 

20 was removed, and the resulting mixture was stirred at 
room temperature overnight. The solvent was then 
removed from the mixture under reduced pressure, and 25 
ml of water and 25 ml of diethyl ether were added. 
After ail solids had dissolved, the resulting aqueous 

25 and ether layers were separated, and the aqueous layer 
was extracted twice with 25 ml of diethyl ether. The 
ether layers were combined, washed three times with 20 
ml of water, and dried with anhydrous magnesium 
sulfate, and the solvent was r^oved on a rotary 

30 : evaporator. The resulting solid was dissolved in 

tetrahydrofuran and hydrog^ated at 60 psi (3100 torr) 
In the presence of catalytic 10% palladium on carbon 
for 18 hours. When the hydrogenation was complete, the 
catalyst was removed by filtration, and the solvent was 

35 r^bved on a rotary evaporator. The resulting solid V 
was recrystallized from hexane to yield 2.5 g of 6- 
( 1 ; l-dihydroperfluoro-2- (butoxyethoxy ) ethoxy ) -2- 
hyroxynapthalene • 

Compound 4 was then pr pared from 2-(i5)- 
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chloropropionic acid and 6-(l,l-dihydroperf luoro-2- 
(butoxyethoxy)ethoxy)-2-hyroxynapthalene by essentially 
th ester if ication proc ss described in Example 1. 

5 Example S 

Preparation of S^d^l-Dihydroperf luoro-»2*» 
(butoxyethoxy) ethoxy) -2- (4- (S) -2-chloro-4- 
mathylpentanoyloxy) phenyl )pyrioiidine (Compoimd 5, Table 
1) 

10 To a solution of 5-benzyloxy-2-(4- 

hydroxyphenyl)pyriittidine (5g, 0.0180 moles) (prepared 
essentially as in Example 1) and imidazole (2«5g, 
0.0360 moles) in N^N^^imethylformamide (DMF) (50 ml) 
was added 2*7 g (0.0180 moles) of t- 

15 butyldimethylsilylchloride. The resulting mixture was 
stirred at room temperature for 4 weeks. The stirred 
mixture was then poured into 100 ml of dilute 
bicctrbonate, and the resulting solid was collected by 
filtration. After recrystallization from methanol, the 

20 solid was hydrogenated at 60 psi (3100 torr) with 

catalytic 10% palladium on carbon for 48 hours. The 
catalyst was then removed by filtration, and the 
solvent was removed on a rotary evaporator to yield 2.4 
g of 5^hydroxy-2-(4-^(t- 

25 butyldimethylsiloxyphenyl)pyrimidine. 

The 2.4 g (0.0079 moles) of 5-hydroxy-2-(4- 
(t-butyldimethylsiloxyphenyl)pyrimidine was dissolved 
in 15 ml of DMF and treated with 0.2 g of sodium 
hydride. After stirring at room temperiature for 5 

30 minutes, 4.5 g (0.0079 moles) of 1,1-dihydroperf luoro- 
2-(butoxyethoxy)ethoxy trifluoromethemesulfonate 
(prepared essentially as in Example 4) was added to the 
treated solution, £md the resulting mixture was heated 
to 90**C for 1 hour. After cooling to room temperature, 

35 the mixture was transferred to a separately funnel with 
50 ml of water and was extracted with two 20-ml 
aliguots of chloroform. The resulting chlor of opn 
layers were then combin d and wash d with two 20-ml 
aliguots of water, and the solvent was removed on a 
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rotairy evaporator. The resulting brown oil was 
chromatographed on silica gel (10:1 hexane: ethyl 
acetate) to give 2.5 g of 5-(l^l-dihydroperf luoro-2- 
(butoxyethoxy) ethoxy) -2- (4-t- 
5 ^butyldiinethylsiloxyphenyl)pyrimidine. 
'■ •' ■ ■• / The 5-(l^l-dihydroperfluoro-2- 

/ (butoxyethoxy)ethoxy)-2-(4-t- 
\/ butyldimethylsiloxyphenyl)pyriiaidine (2 g, 0.003 moles) 
was dissolved in 5 ml of tetrahydrof uran (THF) and 

10 treated with 4.2 ml of IM tetrabutylammonium fluoride. 
After stirring the resulting mixture for 2 hours at 
room temperature, 10 ml of dilute aqueous ammonium 
chloride was added to the mixtiure. The mixture was 
then extracted three times with 5 ml alic[uots of 

15 diethyl ether, and the resulting ether layers were 

combined and washed twice with 5 ml aliguots of water. 
The ether was removed from the mixture using a rotary 
evaporator to give a Wcixy, white solid. The solid was 
chromatographed on silica gel (using 5 volume percent 

20 methanol in chloroform as the eluent) to yield 1.09 g 
of 5-(i,l-dihydroperfluoro-2-(butoxyethoxy)ethoxy)-2- 
( 4-hydroxypheny 1) pyr imidine . 

Compound 5 was then prepared from S-2- 
chloro-4-methylpentanoic acid euid 5-(l,l- 

25 dihydroperf luoro-2-(butoxyethoxy)ethoxy)-2-(4- 
hydroxyphenyl)pyrimidine by essentially the 
ester if icatibn process described in Example 1. 

Example 6 

30 Preparatioii of 5-((8)-2-Chloropropoxy)-2-{4-(l,l- 
dihydr oper f luoro-2 - 

(butoxyethoxy) ethoxy) phenyl) p^n^imidlne (Compound 6, 
• Table ;i) ; 

Sodium hydride (0.04 g, . 1.7 mmoles) was 
35 added to a solution of 5-hydr6xy-2-(4-(l,l- 
dihydr oper f luor 0-2 - 

(butoxyethoxy)ethoxy) phenyl) pyr imidine (0.41 g, 1.7 
mmoles) (prepared ss ntially as in Exampl 1 (which \ 
references Example 4) ) in 5 ml of DMF and 5 ml of 
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toluene. The resulting solution was stirred under a 
nitrogen atmosphere, aiid then l-p~toluenesulfonoxy-2- 
(S)-chloropropane (0.41 g, 1.7 mmoles) was added to the 
solution by syringe* The resulting mijcture was heated 
5 to 100*C for 1 hour and then cooled to room temperature. 
The mixture was then poured into a separatory funnel 
with 50 ml of water and was extracted with three 10 ml 
aliguots of toluene. The resulting toluene layers were 
combined and washed with three 10 ml aliquots of water. 
10 The washed toluene layers were then concentrated under 
reduced pressure. The resulting solid was 
recrystallized from ethanol to yield 0.1 g of Compound 
e, Table l. 
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Bxample 7 

Preparati n of 4'-(l,i<-Dih7drop rf luo^o-2-(2-(2- 
methox7ethozy)ettaoK7)eth xy)-4-( (S)-2- 
ohloropropaiio7loxy)bipbenyl (CMipoiud 7, Table l) 

5 Sodium hydride (1.06 gr 60 weight percent in 

oil) was added to a solution of 4-4'-biphenol (6.6 g, 
35.3 mmoles) in DMF (100 ml) . The resulting solution 
was stirred under a nitrogen atmosphere for 0.5 hour 
and then heated to 60 ^C. 1,1-dihydroperf luoro-2-(2-(2- 
10 methoxyethoxy)ethoxy)ethoxy trif luoromethanestilfonate = 
(9.4 gip 17^7 mmoles) (prepared essentially as in 
Exeunple 1 (which references Exzuaple 4) except 
substituting methyl perfluoro-*2- 

(methoxyethoxyethoxy) acetate for methyl perfluoro-2- 

15 (butoxyethoxy) acetate in the preparation of the 

precursor alcohol according to Example 3 of U.S. Pat. 
No. -5^262,082 (Janulis et al.)) was then added by 
syringe to the solution. The resulting mixture was 
stirred for 2 hours at 70*C and then cooled to room \ 

20 temperature. The mixture was quenched with 100 ml of 
HjO and extracted with three 100 ml aliguots of diethyl 
ether. The ether extracts were collected, dried (using 
MgS04) , filtered, and concentrated. The resulting : 
product was then purified by flash chromatography to 

25 give 6.5 g (65% yield) of 4'-(i,i-dihydroperf luoro-2- 

(2- (2-methoxyethoxy) ethoxy) ethoxy) -4--hydroxybiphenyl as 
a white solid having a melting point of 105-107 'C. 

Compotind 7 was then prepeured from (S)-2- 
chloropropahoic acid and 4'-(l,l-dihydroperf lubro-2-(2- 

30 (2-methoxyethoxy)ethoxy)ethoxy)-4-hydrbxybiphenyl by 
essentially the esterif ication process described in 
Example 1. The resulting product was purified by 
coltimn chromatography. 

-.35 ■ igyamplft ft ' 

Preparation Of 4'-(l,i-Dibydroperf luoro-2-(2- 
l>utoxyeth6xy) ethoxy) -4-) (8) -2-chloro-4- 
n thylpentaiioyloxy)biphenyl (Co]qK>und 8, Tabl i) 

This compound was prepared from (S)-2-chi ro- 

-25-' ' : ■ 
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4-methylpentanoic acid (prepared ssentially by the 
method of T. Sierra et al., J. Am. Chem. Soc. 114, 7645 
(1992)) and 4'-(l,l-dihydroperf luoro-2--(2- 
butoxyethoxy ) ethoxy) -4-hydroxybiphenyl (prepared 
5 essentially as in Examples 7 and 1) essentially as 
described in Example 7. 

Preparation of 4 ' - ( 1, l-Dihydroperf luoro-2- (2-* 
10 butoxyethoxy) ethoxy) -4- ((8) -2- 

chloropropanoyloxy)biphenyl (Compound 9, Table 1) 

This compound was prepared from (S)-2- 
chloropropionic acid and 4'-(l,l-dihydroperfluoro-2-^(2- 
butoxyethoxy) ethoxy) -4-hydroxybiphenyl (prepcured 
15 essentially as in Examples 7 and 1) essentially as 
described in Exeuaple 7. 

Example 10 

Preparation of 4'-*(l#l-Dihydroperf luoro-2"-(2-* 
20 butoxyethoxy) othoxy) -4- ((8) -2- 

fluoropropanoyloxy)biphenyl (Compound 10, Table 1) 

This compound was prepared from (S)*-2-> 
f luoropropionic acid and 4'-(l,l-dihydroperf luoro-2-(2~ 
butoxyethoxy) ethoxy) -4-hydroxybiphenyl (prepared 
25 essentially as in Examples 7 and 1) essentially as 
described in Example 7 • 

Preparation of 4'-(l,l-Dihydroperf luoro-2~(2- 
30 butoxyethoxy) ethoxy) -4- ( (S) -2- 

f luoropentanoyloxy)biphenyi (Compound 11, Table 1) 

This compound was prepared from (S)-*-2- 
f luoropentanoic acid and 4 ' - ( 1 , i-dihydroperf luoro-2- ( 2- 
butoxyethoxy) ethoxy) -4-hydroxybiphenyl (prepeored 
35 essentially as in Examples 1 and 1) essentially as 
described in Exeunple 7. 

Pr parati n of 4'-(l,l-Dihydroperflu ro-2-(2- 
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but xy th xy)ethoxy)-4-((S)-2-chl r pr p xy)biph nyl 
(Con^ und 12, Tabl 1) 

This compound was prepared from (S)-l-p- 
toluenesulf onoxy-2-chloropropane and 4 ' - ( 1 , 1- 
5 dihydroperf luoro-2-(2*butoxyethoxy)ethoxy)-4- 

hydrpxybiphenyl (prepaured essentially as in Examples 7 
and 1) essentially as described in Example 6, except . 
that the resulting product was purified by column 
chromatography. 
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Exeunple 13 

Preparation of 4'-(l,l'-Dlhydr p rf luoro-a-ca- 
butoxy thoxy)e1:hoxy)-4-({8,S)-2-chloro-3- 
metb7lpentano7loz7)bipheii7l (Coi^imd X3, Table 1) 

5 This compound was prepared from (S,S)-2- 

chloro-3-methylpentenoic acid and 

4 (1, 1-dihydroperf luor6-2- (2-butoxyethoxy) ethoxy) -4- 
hydroxybiphenyl (prepared essentially as in Examples 7 
cuid 1) essentially as described in Example 7. 

Preparation of 4-(l,l-Dih7droperfluoro-2-(2* 
butoxyetboxy ) ethoxy) phenyl- (8) -4-methylhexyloxy 
benzoate (Compound 14, Table 1) 

5 960 mg of 4-(l,l-dihydroperfluoro-2-(2- 

butoxyethoxy) ethoxy) phenol (1.83 mmoles) (prepared 
essentially as in Example 6 of U.S. Pat. No. 5,262,082 
(Jemulis et al.)) was weighed into a vial and dissolved 
in 5 ml dichloromethane and 2 ml (approximately 1.5 g) 

0 of triethylsunine. One equivalent, 432 mg, of 4-(S)- 

4-methylhexyloxy benzoic acid was weighed in1:p a 25 ml 
3-necked flask, dissolved under nitrogen in 10 ml 
dichloromethane, treated with 0.23 g of oxalyl 
chloride, and stirred overnight. The phenol solution 

5 was then added to the flask by syringe. The resulting 
mixture was stirred for 15 minutes, then washed with 
water which was made acidic by the dropwise addition of 
glacial acetic acid, and washed again with saturated 
sodixm chloride solution. The resulting organic phase 

0 was dried over magnesium sulfate and filtered through a 
short column of silica gel (5 g) using dicfalorbmetheme 
as the eluent. Solvent was then removed from the 
filtered phase under vacutim using a rotary evaporator, 
and the resulting product was recrystallized from 

5 ethanol several times at -20"C to yield 1.00 g of 
Compound 14, Table 1. 
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Exampj. IS 

Preparation of 4<-(l,l-Dih7drop rflu ro«2-<2- 
but Ky th xy)ettaozy)pli n7l-4-(4-((S)- 
2-^Aethylbutoxy)phen7I) bensoate (Compound 15, Table l) 

5 4-:(4-( (S)-2-iaethylbutoxy)phenyl) benzoic acid 

(1.00 g) was weighed into a 50 ml flask and treated 
with 5 ml (approximately 8.2 g) of thionyl chloride at 
reflux for 15 minutes. Excess thionyl chloride was 
distilled, and the last traces of thionyl chloride were 

10 removed by heating under a nitrogen flow to yield crude 
adid chloride. 4-(l,l-Dihydroperfluoro-2-(2- 
butoxyethoxy) ethoxy) phenol (1.94 g, 1.05 eg) (prepared 
essentially as in Example 6 of U.S. Pat. No. 5,262,082 
(Janulis et al.)) was weighed into a vial, diluted with 

15 25 ml dichloromethane, and treated with 10 ml 

(approximately 7.2 g) of triethylamine. The resulting 
solution was added to the crude acid chloride, and the 
resulting mixture was allowed to stand for 15 minutes. 
The mixture was washed once with 50 ml water which was 

20 made acidic by the dropwise addition of glacial acetic 
acid and once with 50 ml of saturated sodium chloride 
solution. The resulting organic phase was dried over 
magnesium sulfate and filtered through a ishort column 
of silica gel (10 g) using dichloromethane as the 

25 eluent. Solvent was removed from the filtered phase, 

and the resulting product was cbliimn chromatographed on 
silica gel (using toluene as the eluent) and 
recrystailized from ethanol to yield 0.445 g of 
Compound 15, Table 1. 

30 ^• 

Example 16 

Preparation of 4-(l,l-Dihydroperfluoro-2--(2- 
butoxyethoxy) ethoxy) phen7l-4-( (8) -2»chloropropoxy) . 
benzoate (Cosq^und 16, Table 1) 

35 Methvl A-t(S^ -2-chloroproDOXV^ benzoate 

(S)-2-Chlbro-l-propanol (Aldrich Chemical 
Co., 1.00 g, 10.6 mmoles) , methyl 4 -hydroxy benzoate 
(1.81 g, 1.1 eq), triphenylphosphin (4.13 g, 1.5 eq) , 
and 25 ml dry tetrahydrofuran were charged to a 50 ml 
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3- .necked flask under nitrogen. Diethyl 
azodicarboxylat (2.9 g, 1.6 eq) was then added to the 
flask by syringe. The resulting solution was stirred 
for 3 days and then poured into a mixture of 250 ml 

5 water and 25 ml ethyl acetate. The resulting mixture 
was shsJcen, the resulting aqueous and organic phases 
were sepeurated, and the aqueous phase was extracted 
once more with 25 ml ethyl acetate. The resulting 
organic phases were combined, dried over magnesium 

10 sulfate/ and filtered. The solvent was then removed 
from the filtered phases, and the resulting crude 
product was dissolved in dichloromethane and passed 
through silica gel. Upon removal of solvent under 
vacuum, reaction by-products began to crystallize. Gas 

15 chromatography (GC) showed the resulting supernatant to 
be mostly the desired product, so the byproducts were 
recrystallized from cyclohexane to recover traces of 
product. The resulting supematants were combined and 
passed through silica gel using cyclohexame as the 

20 eluent, and the solvent was removed under vacuum to 

recover partially purified product which was hydrolyzed 
without further purification. 

4- f fSW2-ChloropropoxY^ benzoic acid 

The resulting crude methyl 4-((S)-2- 
25 chloropropoxy) benzoate was dissolved in 25 ml of 
dimethylsulf oxide and treated with 0.44 g 
(approximately 1.04 eg) of sodium hydroxide in 25 ml 
water. The resulting reaction was monitored by GC, 
and, at one hour, an additional portion of 0.44 g solid 
30 sodium hydroxide was added to the resulting mixture. 

An aliquot of the mixture taken 45 minutes later showed 
the absence of st£urting material, so the mixture was 
poured into 50 ml 0.1 N hydrochloric acid. Ozrganics 
were extracted from the resulting mixture with two 50 
35 ml portions of ethyl acetate and were dried over 

magnesium sulfate, filtered, and the solvent removed 
under vacuum to yield a crude solid product acid that 
was recrystallized from 20 ml ethanol at -20**C. Th 
product acid was collected and dri d und r vacuum. 
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4-Y 1 . l-bihydrbperf luoro-2- f 2- 

butoxvethoxv^ ethoxv^ phenvl-4- ( (S) -2 -chloropropoxv) 
benzo^te • • 

The dried product acid was charged to a 100 
5 ml flask, dissolved in 25 ml dichloromethane, and 

treated with 3.7 ml (5.2 g) oxalyl chloride under ' 
nitrogen; After stirring for 10 minutes, the 
dichloromethane was distilled at atmospheric pressure, 
and excess oxalyl chloride was removed under vacuim. 
10 The resulting acid chloride was dissolved in 25 ml \ 

dichloromethane and treated with a solution of 5.8 gr 4* 
( 1 , 1-dihy dr oper f luor o-2 - ( 2 -butoxy ethoxy ) e thoxy ) phenol 
(prepcured essentially as in Example 6 of U.S. Pat. No. 
5,262,082 (Jcinulis et al.)) (1.05 eg based on 2-(S)- 
15 chloropropanol) , 7 ml (approximately 5.0 g) 

triethylamine, and 25 ml dichloromethane. After 
stirring the resulting mixture for 15 minutes, the 
mixture was washed with 100 ml water and with IDO ml 
saturated sodium chloride solution. After drying of 
20 the washed mixture over laagnesium sulfate, the mixture^ 
was filtered, solvent cuid excess triethylamine were 
removed under vacuum, and the remaining material was 
passed through 5 g of silica gel using dichloromethane 
as the eluent. The resulting product was 
25 recrystallized twice, once from 25 ml methanol at 4*^C, 
then from 20 ml ethanol at -20^*0, to yield 0.262 g of 
purified Compound 16, TcUble 1. 

30 Preparation of 4-( (8,8)•^,3*^pox7)*hexYloxYphen7l-4- 
(l, l-^dihydroperf luoro-2- (2-butozyetiioxy ) ethoxy) 
l>en2oate (Compound 17, Table 1) 

4'-((S,S)-2,3-epoxy)-hexyloxy phenol 
(Displaytech WP46, 1.00 g, 4.82 mmoles) was weighed 
35 into a 100 ml flask eguipped with a magnetic stirrer, 
septum, and a nitrogen atmosphere. The phenol Was 
dissolved in 25 ml dichloromethane. One equivalent of 
4-(l,l-dihydroperflu r -2- (2-butoxyethoxy) ethoxy) 
benzoyl chlorid (2.76 g) (prepared essentially as in 
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Example 11 of U.S. Pat. No. 5^262,082 (Janulis t al.) 
(except substituting 4-(l^l~clihydroperfluoro-2^{2-- 
butoxyethoxy)ethoxy) trifluoromethem sulfonate for 1,1- 
dihydroheptaf luoro-2-ethoxyethyl trif late) with 
5 conversion of the resulting acid to the corresponding 
acid chloride essentially by the method of Example 16 
supra ) was weighed into a vial and dissolved in 5 ml 
dichloromethane. 2.0 ml of triethylamine (excess, 
approximately 3 eq) was added to the solution of the 

10 epoxy phenol, followed immediately by addition of the 
acid chloride solution (both additions being by 
syringe) . After 20 minutes, the resulting mixture was 
washed with four 100 ml portions of water and one 100 
ml portion of satxirated sodium chloride solution, and 

15 the washed mixture was dried over sodium sulfate 

overnight. The dried mixture was filtered, the solvent 
was removed under vacuum, and the resulting crude 
product was purified by chromatography on neutral 
silica using toluene as the eluent. Combined fractions 

20 that showed product by thin layer chromatography were 
recrystallized from toluene and dried under vacuum to 
yield 0.405 g of Compound 17, Table 1. 
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TABLB % 

Compound No. Struotiire 
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5 



10 



15 



20 




25 

The compounds of Tzdsle 1 were evaluated for tremsltion 
temperatures by optical observation of material phase 
changes using a Linkam THH600 hot stage and a Zeiss 
polcirizing microscope* The transition temperatures 
30 were obtained upon cooling from the isotropic state (I) 
and are set forth in Table 2. 
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Table 2. Mesophase Characterization for Compounds 

Listed in Tablie 1 

coaqitound No. I to 8^ to K to K Ji^ 

5 1 53 .25 

2 121 53 

.3 ■ ■ •.' 124 48 



10 



4 55 28 



5 — — — 64-66 

15 6 111 20 15 

7 136.7 67.8 

8 65 . — ■ 28 

20 

9 129 91 

10 158 120 
25 11 115 59 

12 100 75 

13 76.9 5.3 

30 

. 14 •. 73,3 • -8.8 

15 >191 86.8 

35 16 110 51.6 

17 113.7 45.9 

I = ZsotropiCf Sa " Smectic A, M Higher ord r mesophaBe, K - 

CryBtalLlne, np = melting point 
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Examples 1 and 19 describe liquid crystal compound 
mixtur s and liquid crystal display d vie s of this 
invention. 
Example 18 

5 A device utilizing a chiral compound (Compound 10) 

of this invention wais constructed as follows. Onto an 
indium tin oxide (ITO) coated (300 k ITO coating) glass 
substrate (2.85 cm vide, 3.5 cm long, 0.1 cm thick) which 
had been ultrasonically cleaned was placed several drops of 

10 a 0.52 weight percent solution of nylon 6/6 (Aldrich 

Chemical Co., Inc.) in formic acid. The substrate was spun 
at 1200 rpm for 40 seconds and cured at 75^*0 for 16 hours to 
provide a nyloii coating about 400 A thick. The coated plate 
was rubbed (20 strokes) in one direction with a 115 gram 

15 rubbing bar (a glass rod 2.5 cm in diameter, 10 cm long) 
about which a 65% cotton, 35% rayon velveteen fabric (J. B. 
Martin Co., #5100 Matinee) with the pile side out was 
tightly wrapped, to provide an oriented alignment layer on 
the substrate. 

20 Onto another ITO-coated (300 A ITO coating) glass 

substrate (2.85 cm wide, 3.5 cm long, 0.1 cm thick) having a 
pattern of polyiioide spacer posts 1.5 fm in height and which 
had been ultrasonically cleaned was placed several drops of 
a 1.5 weight percent solution of polymethylsiloxane (5.6% 

25 6R-651L, available from Owens-Illinois, Inc.) in butyl 

alcohol. The substrate was spun at 8000 rpm for 20 seconds 
and cured at 75^C for 16 hours to provide an alignment 
coating about 200-300 A thick. 

The substrates were assembled using a W curable 

30 adhesive (Norland™ 61 Optical Adhesive, available from 

Norland Products, Inc.) with the ITO-constituted electrodes 
and the alignment layers facing inward to torm a device. 
The device was then filled with the following mixture of 
liquid crystal compounds using capilleury action under 

35 vacuum: 



C10H21 

49.0 wt% 
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12.3 wt% 




CH2C9F^C4F80C4F9 



10 12.3 wt% 



CsHi 




CH2CF20C2F40C6Fi3 



15 4.1 wt % 




>CH2CF20C2P4^^4P9 



20 4.1 wt% 



C10H21 




:H2CF20C2F40C^13 



25 4.1 wt% 



C10H21 




CH2CF20C2F46C4F9 



30 4.1 wt% 



CgHi 




2CF20C2P40C2l^40CF3 



35 10.0 wt% 



C4F90C2P40CF2CH20 
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The phase transition temperatures for the mixtiire 
were measiired essentially as described above for Table 2 and 
found to be: 

5 I to Sa 79*4**C 
Sa to Sc 43.5^C 
Sc to M -10.2**C 

The phase transition temperatures for the achiral base 
10 mixture (i.e., the above mixture without the last-listed 
(chiral) compound) were measured essentially as described 
above for Table 2 and found to be: 

I to Sa 85.5**C 
15 Sa to Sc 51.0**C 
Sc to M -6.4**C 

The ITO-cbnstituted electrodes of the device were 
connected to an arbitreury waveform generator with Vcuriable 

20 output voltage. Optical transmission was measured by 

placing the device on a rotating stage between two crossed 
polarizers, with the polarizer/device combination placed 
between a collimated, incandescent light source of about 1 
mW intensity (5 mm diameter) €md a silicon photodetectpr. 

25 The inc£uidescent light source was filtered to confine its 
wavelength spectrum to between 450 and 700 nm« The output 
from the photodetector was monitored on ah oscilloscope. 
The latching time for the device, measured with a field of 
20 V//im and at a temperature of 38.5*^, was 167 /iS. The 

30 device was driven with a voltage waveform consisting of 
bipolar, square pulses of 20 V/fim amplitude, spaced 30 mS 
apart by a train of square pulses having the same width €md 
6.7 V/^m euaplitude. The latching time was taken to be the 
minimum pulse width needed to observe two stsdDle and 

35 saturated, multiplexed memory states. 

The polarization of the device was determined 
essentially as described by Hiyasato et al. in Jap. J. Appl. 
Phys. 22, 661 (1983) and f und to be 12.5 nC/cn?at 38.5*C. 

The mem ry t tilt angle rati (iZL/iZl) f r the 
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device was 0,97. The device was driven with a 30 Hertz 
square wave of 20 volt amplitude. The tilt angle, {2\, was : 
taken to be half the angle separating the extinction points 
of the driven states. To obtain the memory angle, (Z^, the 
5 device was driven with a voltage waveform consisting of 
alternating bipolar, square pulses of 20 V//im amplitude, 
spaced about 30 ms apsurt. The pulse width was adjusted to 
observe two stable and saturated memory states. The memory 
emgle was taken to be half the angle separating the 
10 extinction points of the two memory states. 

Bxample 19 

A device was prepared essentially as in Examplie 
18. The device was filled with a liquid crystal mixtiire 
15 which was as described in Example 18, except that 
Compoxihd 5 was used as the chiral dopant in place of 
Compound 10. 

The phase transition temperatures for the 
mixture Were measured essentially as described above 
20 for Table 2 and found to be: 

I to Sa 76.3*t 
Sa to Sc 35.6^*0 
Sc to M ~3.3**C 

25 

The latching time for the device, measured 
essentially as in Exeunple 18 with a field of 20 V/fua aind 
at a temperature of 25.6°C, was 130 fis. The polarization 
30 of the device was determined essentially as in Example 18 
and fotmd to be 11.6 nC/cn^at 25.6*^. The memory to tilt 
: angle ratio (2{a/l2() was determined essentially as in : 
Example 18 and found to be 0.98. 

35 Comparative Example 

A device was prepeured essentially as in Ex£unple 
18. The device was filled with a liquid crystal mixture 
which was as described in Example 18 except that a 
mixtur of 2 parts by w ight of comparativ compound CI 
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and 1 peirt by weight of comparativ compound C2 (the 
compounds having the structures shown below) was 
substituted for Compound 10. 




The phase transition temperatures for the 
mixture were measured essentially as described above 
20 for Table 2 and found to be: 

I to Sa 85.5*« 
Sa to Sc 30. 6*^: 

Sc to M -6.4*^0 

25 

The latching time for the device, measured 
essentially as in Example 18 with a field of 20 V/^t and 
at a temperature of 20 .6^0, was 24.7 fis. The polarization 
of the device was determined essentially as in Bxsmple 18 

30 and found to be 17.1 nC/crfat 20.6^. The memory to tilt 
angle ratio {Si^lQ\) for the device was determined 
essentially as in Example 18 and found to be 0.84. A 
comparison of this data with that given above for 
Examples 18 and 19 shows that compounds of this 

35 invention, when used in admixture with achiral, 

fluoroether-containing liquid crystal compounds, provide 
mixtures which exhibit higher memory to tilt angle ratios 
than mixtures of the same achiral compounds with chiral, 
hydrocarbon liquid crystal compounds. In addition, this 
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comparison indicates that compounds of the invention show 
only a minimal effect on the smectic C temperature range 
of such mixtures. 

5 Examples 20-*24 describe procedures for preparing liquid 
crystal compounds of this invention* The obamical 
structure of each compound is given in Table 4. 

ffyfty^piQiii Mi^dft 

''\^ 'i '.:io Preparation of 5-( (S)-2<-Fluorodecyloxy)*2-(4-^(l#l'* 

dihydroperf luoro-2- (butozyethozy) ethozy) phenyl) pyrimidine 
(Compound 18, Table 4) 

2-(S)r-fluorodecanol (800 mg, 4.5 mmoles; which 
can be prepared by the procedure described by H« Nohira _ 
15 et al. in Mol. Cryst. Liq. Cryst. 180B . 379-88 (1990)) 
was combined with toluene sulfonyl chloride (865 mg^ 4.5 
mmoles), ethyl diisopropyl amine (1165 mg, 9 mmoles) , and 
: dimethylaminopyridine (27 mg, 0.22 mmoles) in methylene : 
chloride (20 ml<) . The resulting mixture was stirred at 
20 room temperatvire overnight. The resulting crude tosylate 
product was purified by flash chromatography on silica : 
gel, eluting with 10 pcirts by volume of hexane and 1 part 
by volume of ethyl acetate. 

A three-necked flask equipped with a magnetic : 
25 stir bar, a condenser, and a nitrogen inlet was cdiarged 
witti potassium carbonate (85 mg, 0.6 mmoles) and 
acetonitxile (20]nL) . With stirring, 5-hydroxy-2-(4-(l,l-^ 
dihydroperf luoro-2- (butoxyethoxy) ethoxy) phenyl) pyrimidiniei 
(364 mg, 0.6 mmole; prepared essentially as in Excuiple 1 
30 above) was slowly added to the resulting mixture. The 
mixture was stirred at room temperature for 30 toinutes. 
l-^p-toluenesulfonoxy-2-(S)-f luorodebane (200 mg, 0.6 
mmolies) was then added to ^e stirred mixture. The 
* mixture was heated to reflxix overnight and then poured 

35 into a separatory funnel containing water (-20 mL) . The 
.s : resulting layers were separated, and the aqueous phase 

was extracted with diethyl ether and purified by 
chromatography (essentially as in Exampl 1 above), 
eluting with 10 peurts by volume of hexane and 1 part by 
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volume of ethyl acetate • The yield of desired product 
was 0.35 g. The structure of the product was confirmed 
by and nucl ar magnetic resoncuice spectroscopy. 

5 ExamBle 21 

Preparation of 5- (1, lOibydroperf luoro (2- 
(2-butoz7ethoxy) ettaoxy) ) -2- (4- (dihydro-S- (R) - 
ozymethyl-3- (R) -bezyl-2 (3H) -f uranone) phenyl) pyrinidine 
(Compound 19, Table 4) 

10 5-Benzyloxy-2-(4-hydr6xyphenyl) pyridine (7.5 g, 

26.95 mmoles) was combined with (R) -epichlorohydrin (9.97 
g, 107.8 mmoles) and potass iim t-butoxide (29.6 mL of a 
IM solution in t-butanol) . The resulting mixture was 
heated to 60^C for three hours under nitrogen* The 

15 mixture was then poux'ed into saturated brine and was 
extracted with two 200 mL aliguots of chloroform. The 
combined chloroform extracts were washed with water and 
then dried over sodium sulfate. The solvent was removed 
from the extracts under reduced pressure, and the 

20 resulting crude product was recrystallized from 

acetonitrile to yield the epoxide, 5-benzyloxy-2-(4-(2- 
(R)-epoxy)propoxy) phenyl) pyridine. This epoxide (5.9 g, 
18.42 mmoles) was combined with hexylmalonate (6.36 g, 
27.6 mmoles) and potassium t-butoxide (22.1 mL of a IM 

25 solution in t-butanol) in t*>butanol (20 mL) . The 

resulting mixture was heated to reflux for two hours and 
was then cooled and acidified to a pH of 1 with dilute 
HCl. The mixture was filtered, washed wi1:h water and 
then with methanol, and air-dried to yield the crude 

30 dihydrofuranone as a mixture of cis and trans isomers. A 
portion of this mixture (2.7 g) was resolved by 
preparative high pressure liquid chromatography, eluting 
with hexane/ chloroform/ ethyl acetate (45:50:5), to yield 
a fraction that was 93:7 cis/ trans (0.67 g) . This 

35 fraction (predominately cis) was hydrogenated essentially 
as in Example 1 for three hours to remove Uie benzyl 
protecting group. 

Th hydrogenated product, 5-hydroxy-2-(4-; 
(dihydro-5- (R) -bxym thyl-3-(R) -hexyl-2 (3H) - 
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: furanone) phenyl) pyrimidine, (0.44 g, 1.19 sanoles) was 
combined witii potassium ceurbonate (0.20 g, 1.43 mmoles) 
and l,l--dihydroperfluoro-2-(butoxy thoxy) ethyl 
trif luoromethanesulfonate (0.74 g, 1.31 mmoles; prepared 
5 essentially as in Example 4 above) in acetonitrile (10 i 
mL) , and the resulting mixture was ref luxed for 1.5 
hours. After cooling, water (10 mL) was added to the 
mixture, and the mixture was then filtered. The filtrate 
was washed with water and then with methemol, and thet 
10 washed , filtrate was air-dried. The resulting crude 
product was tiieh further purified by column 
chromatography on silica gel, eluting with chloroform, to 
yield 5- (1 , 1-dihydroperf luoro (2- (2-butoxyetho3^) ethoxy) ) - 
2- (4- (dihydro-5-> (R) -oxymethyl-3- (R) -hexyl-2 (3H) -f uranone) 
15 phenyl) pyrimidine. The yield of the desired product was 
0.57 g. The structure of the product was confirmed by *H 
and *^ nuclear magnetic resonance spectroscopy. 

Example 22 \ . 
; 20 Preparation of 5<-(l,i-Dih7droperf luoro-(6-^ 

(2->butdxyetbox7) hexyloxy) ) -2- (4* (dihydro-5-* (R) 
oxymethyl^a- (R) -heaqf 1-2 (3H) -f uranone) phenyl) pyrimidine 
(Compound 20, Table 4) 

Using essentially the procedure of Exainple 21, 

25 5-hydroxy-2-(4-(dihydro-5-(R)-oxymethyl-3-(R)-hexyl- 
2 (3H)-furanone) phenyl) pyrimidine (0.70 g, 1.89 mmbles) 
was combined with potassium carbonate (0.31 g, 2^27 
mmoles) and l,l--dihydroperfluoro-6-(butoxyethoxy)hexyl 
nonafluorobutanesulfonate (1.73 g, 1.89 lamoles) in 

30 acetonitrile (20 mL) . [The 1, 1-dihydroperf luoro-6- 
(butoxyethoxy ) hexyl nonafluorobutanesulfonate had been 
prepared from nonafluorobutjEuiesulfonyl fluoride (which 
can l>e prepared by the methods described by P. M. Savu in 
Kirk-Otilmer Encyclopedia of Chemical Technology - Fourth 

35 Edition, Volume 11, pages 558-64, John Wiley & Sons, New 
York (1994)) and 1,1-dihydroperf luoro-2- 
(butoxyethoxy)hexanol (prepared by sodium borohydride 
reducti n of the corresponding m thyl ster, essentially * 
as described in Example 3 f U.S. Pat. N . 5,262,082 
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(Janulis et al.)) by ess ntially the method described in 
Example 4 above.] The resulting crud product was 
isolated and purified essentially as ih Exampl 21 to 
yield 1.10 g of a 90:10 mixture of cis/trems 
5 dihydrofuranone isomers (as determined by nuclear 
magnetic resonance spectroscopy). 

Preparation of 5-(l,l*Diliydroperfluoro-(4- 
10 (4-butoKybutoxy)butoxy))-2-(4-(dihydro-5-(R)- 

OKymethyl-3-- (R) -hezyl-2 (BE) -f uranone) phenyl) pyrlmidine 
(Compound 21, Table 4) 

Using essentially the procedure of Example 21, 
5-hydroxy-2- (4-- (dihydro-5- (R) --oxymethyl-3- (R) -hexyl-2 (3H) 

15 -furanohe) phenyl )pyrimidine (0.70 g, 1.89 mmoles) was 
combined with potassium carbonate (0.31 g, 2.27 mmoles) 
and l,l-dihydroperfluoro-4-(butoxybutoxy) butyl 
trifluoromethanesuifonate (1.73 g, 1.89 mmoles; prepared 
from l,l-'dihydroperfluoro-^4-(4-butoxybutoxy)butanol 

20 essentially as in Example 4 above) in acetonitrile (20 
mL) . The resulting crude product was isolated and 
purified essentially as in Example 21 to yield 1.05 g of 
a 90:10 mixture of cis/trans dihydrofurcoione isomers (as 
determined by nuclear magnetic resonemce spectroscopy) . 

25 

Preparation of 4-(l#l-Dihydroperfluoro-*2-C2- 
(2-methoxyethoxy) etboxy) ethoxy) -4 (dihydiro-5- (R) 
ozymethyl — 2 (3H)furanone)biphenol (Con^iuid 22, Table 4) 

30 4- (l,l-dihydroperfluoro-2- (2- (2-methoxyethoxy) 

ethoxy) ethoxy) -4 '-biphenol (2 g, 35 mmoles; prepared 
essentially as in Example 7 zUDove) and 
(S) - (+) -dihydro-5- (p-tolylsulf onyloxymethyl) -2 (3H) - 
furcinone (available from Aldrich Chemical Co., 1.0 g, 37 

35 mmoles) were dissolved in dry acetonitrile (20 mL) • 
Potassiiua cearbonate (0.51 g, 37 mmoles) was 
added and slurried into the resulting mixture. This 
mixture was heated for 5 hours at 70-85^ and was th n 
cooled to room temperature. Wat r (60 mL) was added to 
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th cooled mixtxire. The resulting solid product was 
collected by filtration and recrystallized from 
methanol to give 0.53 g of a white solid. The structure 
of the product was confirmed by and nuclear magnetic 
5 resonance spectroscopy. 
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The compounds of Exaiaples 20-24 were evaluated 
for transition temperatiires by diff rential scanning 
calorim try (DSC) and/or by optical observation of 
material phase changes using a Linkam THH600 hot stage 
5 and a polarizing microscope. The transition temperatxires 
(**C) were obtained upon cooling from the isotropic state 
(I) to the smectic A mesophase (S^) and to higher order 
mesophases (Ml and M2) and are set forth in Table 3. 

10 Table 3. Mesophase Characterization for Compounds Listed 

in Tcible 4 



Compound 
No. 


I to 8a 


Sa to Ml 


Ml to M2 


Melting 
Point 


18 


85 


65 


47 




19 








130-131 


20 


177 


138 






21 


157 


141 




i« 1 


22 
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Table 4 


Compoxmd 
Hunber 


Structur 


.- 18 • 


A ✓^~^^)~'(0)~^2CF20CF2CF20C4F9 


19 


C4F50C^40CFjPH,P-^^--^^-H3^ 


20 


■■ ' 


' 21' • ■ 




22 


CF30C2F40C2F40CF2PH2p-^^--^^— O^^^X^ 



Various modifications and alterations of this 
invention will become apparent to those skilled in the 
eurt without departing from the scope and spirit of the 
15 invention. 
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10 



35 



40 



Claims 

1. Fluorine-containing, chiral licpiid crystal 
compounds having smectic mesophases or latent smectic 
mesophases, the compounds comprising (a) an alijphatic 
fluorocarbon terminal portion containing at least two 
catenary ether oxygen atoms; (b) a chiral, aliphatic 
hydrocarbon terminal portion; and (c) a central core 
connecting said terminal pozrtions. 



2. The compounds of Claim 1 wherein said aliphatic 
fluorocarbon terminal portion is represented by the 
formula -D(C3jF2xO),CyF2y+if where x is independently an 
integer of 1 to about 10 for each C^F2fi group, y is an 
15 integer of 1 to about 10 , z is an integer of 2 to about 
10, and D is selected froia the group consisting of a 
covalent bond, 
O 

I! 

20 -C-O-C^-, -O-CA,-, -PfC^j.OhCr'Hj^-, -CrHjr-/ iCfi^fifxC^Bj^-, 
•-OSO2-, -SOj--/ -SOj-Cftr-f •C^2r""N-S02-, -C^C", -CH=CH-, 

25 O O O 

II 0 II 

•C-, -O-C-C^-, --C^2,-N-C-, -CH-N-, -0-, -S-, --N(CpH2p^.i) 

30 axiA combinations thereof, where r and r' are 
independently integers of 1 to about 20, s is 
independently an integer of 1 to about 10 for each 
(C^^O) , t is an integer of Jl to about 6, and p is an 
integer of 0 to eUx>ut 4. 



3. The compounds of Claim 2 wherein said x is 
independently an integer of 1 to about 6 for each C,F2xO 
group, said y is an integer of 1 to sibout 6, and said z 
is an integer of 2 to about 6. 

4. The fluorine-containing > chiral liquid crystal 
compotinds of Claim 1 wherein said compounds are 
represented by the general formula (I): 
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(I) 



5 Where M, N, and P are each Independently selected from 
the group consisting of 



10 



15 



20 



25 





30 



a, b, cmd c are each independently zero or an integer of 
from 1 to 2, with the proviso that the sum of a + b + c 
be at least 1; 



35 each A and B btb non-directionally and independently 
selected from the group consisting of a covalent bond, 
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O 0 O 

II B II 

-C-S-, -c-se-, 

5 0 

-C-Te-, -(CHiCHj)^- Where k is 1 to 4^ 

■O 

10 B 

-CH=CH-, -CsC-, -CH=N-, -^CHj-O-, -C-^ and -O- ; 

each X, and 2 are independently selected from the 
group consisting of -H,, -CI, -F, -Br, -I, -OH, -OCH3, 
15 -CH3, -CF3, -OCF3 -CN, and -NO2; 

each 1, m, and n are independently zero or an integer of 
1 to 4; 

20 D is selected from the group consisting of a covalent 
bond, 

O O O 

II II B 

-C-0-C^2r-# -0-Cyi2r-/ "O-C-C^-, -C^C-, -CH=CH-, -C", 

25 

-ofcyj2.ohc^H2^-, -cyij,-, fCA,ohcvH2^-, -o-, -s-, 

-OSO2-, -SO2-, -SOj-CAr^r -C^2,-N-S02«, -N (GpHjp+j) - , 
30 CVHjp+i 

o 

B 

-C^-N-C-, -CH=N-, and combinations thereof, %Aiere r and 

r' are independently integers of 1 to about 20, s is 
independently ah integer of 1 to about 10 for each 
(C^2tO) , t is an integer of 1 to about 6, and p is em 
integer of 0 to about 4 ; 

40 

R is selected from the group consisting of 
-O- ( (C,.H2,.v- (R' )^) -0),-C^+i^- (R' 
- ( (C,.H2,.^.- (R' ) v ) -O) ^-C^2q+l^- (R' ) „ 

O O 

45 II B 

-c-o-c^+i^-(R')v. -o-c-c^2,+i^-(R'),, and 
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^>ai'-CqH2q+l-v-<R0v 



Where each is independently selected from the group 
consisting of ^Cl, -CFj^ -NO,, -CN, -H, -C^2q+i# 

•■ .10 ' ■ -o • • - . o 
B B 

-0-C-C^2q+if 2ihd -C-0-C^2q+if W^ere q' is 
independently an integer of 1 to about 20 for each 
(C<,.H2q--0) ; q is BXi integer of 1 to about 20, w is an 

15 integer of 0 to about 10, v is an integer of 0 to about 
6, each V' is independently an integer of 0 to about 6, g 
is an integer of 1 to about 3, g' is an integer of 1 to 
about 3, each D is independently selected from the group 
set forth above, and R is linear or branched, with the 

20 proviso that R is chiral; and 

Rf is -(CjF2xO>jCyF2y+i, where X is independently an integer 
of 1 to about 10 for each C^F^O, y is an integer of 1 to 
€dx>ut 10, emd z is sm integer of 2 to about 10. 

■ 25 

5 . The compotinds of Claim 4 wherein said Rf is 
linear, said x is independently an integer of 1 to about 
6 for each C3jF2xO group, said y is an integer of 1 to about 
6, emd said z is an integer of 2 to about 6. 

-30 ■:'['■ • ' 

6. A mixture of liquid crystal compounds comprising 
at least one fluorine-containing liquid crystal compound 
'':•'[' of Claim 1. 

35 7. The mixture of Claim 6 further comprising at 

least one other liquid crystal compoxind having a 
fluorinated terminal portion^ 
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8. A liquid cryst:al display devic containing at 
least one fluorine-containing liquid crystal compound of 
claim !• 

5 9. The device of Claim 8 further containing at 

least one other liquid crystal compound having a 
fluorinated teminal portion. 

10. A process for prepeurihg the fluorine-containing, 
10 chiral liquid crystal compounds of Claim 4 comprising the 
steps of (a) mixing at least one compound represented by 
the foirmula 

15 II 

with at least one compound represented by the fonnula 

20 

I 

25 or mixing at least one compound represented by the 
formula 

I 

30 X, 

with at least one compound represented by the formula 

A''fN)^bBWc-D-Rf , 
35 I I 

wher M, N, and P are each independently selected from 
the group consisting of 
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10 



15 



20 




25 a, b, and c are each independently zero or ah integer of 
from 1 to 3, with the proviso that the sum of a + b + c 
be at least 1; 

each A and B are non-directionally and independently : 
30 selected from the group consisting of a covalent bond. 



0 0 O 

1 -11 B 

35 O -C-0-, -C-Se-, 

-C-Te-, -(CHjCHj)^- where k lis 1 to 4, 

O 

40 ^CH=CH-, -rCsC-, -CH=N'-, -CHj-O-, and HD- ; 



each A', A", B', and B" are independently selected from 
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th group consisting of -OH, -COOH, -CH{CH20H)2, -SH, 
-SeH, -TeH, -NHj, -COCl, -CHO, -OSOjRf' , -OSO2CH3, 
-OS02-cyclo(C6H4)-tCH3, and -CHjCOOH^ where Rf' is a 
perf luoroalkyl group having from 1 to about 10 carbon 
5 atoms, and with the proviso that A' can enter into a 
coupling reaction with ' and that B' can enter into a 
coupling reaction with B"; 

each X, Y, and Z are independently selected from the 
10 group consisting of -H, -CI, -F, -Br, -I, -OH, -OCH3, 
-CH3, -CF3, -OCF3 -CN, and -NOj; 

each 1, m, and n are independently zero or an integer of 
1 to 4; 

15 

D is selected from the group consisting of a covalent 
bond, 

O O O 

II i B 

20 -C-O-Cyij,-, -O-Cyjj,-, -0-C-C^2r-, -CsC-, -CH=CH-, -C-, 

-OfC^2,OhCVHy-, -0^2,-, fCVJ2.0>,CVH2^-, -0-, -S-, 

-OSO2-, -SO2-, -S02-C^2,-, -C^2,-N-Sp2-, -N(CpH2p+i)-, 
25 I 

O 

-cyH2r"N-C-, -CH=N-, and combinations thereof, where r and 

r' are independently integers of 1 to about 20, s is 
independently an integer of 1 to about 10 for each 
(C^O) , t is an integer of 1 to about 6, and p is an ; 
35 integer of 0 to about 4; 



R is selected from the group consisting of 
-O- ( (C,.H2,.^- (R' ) v ) -O) w-C^2a+i^- (R' ) V r 
40 -((C^H2,.^.-(R')v)-^)w-C^+i^-(R')v. 
O O 



-c-o-c^2,^.i^-(R')„ -o-c-q^^i^-(R')„ and 
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Where each is independently selected from the group 
10 consisting of -CI, -F, -CF3, -NOj, --CN, -H, •C^2q+i, 

6 o 

-0-C-C^2q+u and -C-O-CqHjq+i, where q' is 
independently an integer of 1 to about 20 for each 

is (Cq.H2q*-0) y q is an integer of 1 to about 20, w is an 

intieger of 0 to about 10/ v is an integer of 0 to about 
6, each V' is independently an integer of 0 to about 6, g 
is an integer of 1 to about 3, g' is an integer of 1 to 
about 3 , each D is independently selected f roia the group 

20 set forth above, and R is lineeir or branched, with the 
proviso that R is chiral; and 

Rf is -(CxF2,0)xCyF3;y+i, whiere x is independently em integer 
of i to about 10 for each Cj^FaxO, y is an integer of 1 to 
25 about 10, and z is ah integer of 2 to about 10; 

and (b) allowing said A' and A" or B' and B" to react. 



30 
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